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Abstract
We apply Fradkin-Vasiliev formalism to construction of non-trivial cubic interaction
vertices for massive spin-2 particles. In this first paper as a relatively simple but in-




Last years there were lot of activities in the investigation of consistent cubic interaction
vertices for higher spin fields. Such investigations are very important steps in the search for
consistent higher spin theories and, in particular, provide information on the possible gauge
symmetry algebras behind such models. Till now most of the results were devoted to cubic
vertices for massless higher spin fields and now we have rather good understanding of their
properties. Moreover, the results obtained by different groups and different methods are
perfectly consistent, see e.g. [1]-[10].
At the same time investigations of cubic vertices containing massive higher spin fields
are not so numerous, the most important one being classification of cubic vertices in flat
Minkowski space by Metsaev [11, 12, 13], while there also exist a number of concrete examples
e.g. [14]-[24].
One of the approaches that turned out to be very effective for investigation of massless
higher spin fields interactions is the Fradkin-Vasiliev formalism [25, 26] (see also [27, 28, 29,
30]). Let us briefly remind how this formalism works. The basis for the whole construction
is the frame-like formalism [31, 32, 33], where massless higher spin particle is described by
a set of (physical, auxiliary and extra) one forms that we will collectively denote as Φ here.
As far as the free theory is concerned, three most important facts are:
• each field has its own gauge transformation
δΦ ∼ Dξ ⊕ eξ
where D is (A)dS covariant derivative, while e is background (A)dS frame;
• gauge invariant two-form (curvature) can be constructed for each field
R ∼ D ∧ Φ⊕ e ∧ Φ




Using these ingredients cubic interaction vertices can be constructed by the following straight-
forward steps.
• Take the most general quadratic deformation for curvatures
Rˆ = R⊕ Φ ∧ Φ
as a result these new deformed curvatures ceased to be invariant
δRˆ ∼ Φ ∧Dξ ⊕ e ∧ Φξ
• Introduce corrections to gauge transformations
δΦ ∼ Φξ
in such a way that
δRˆ ∼ D ∧ Φξ ⊕ e ∧ Φξ
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• Adjust coefficients so that deformed curvatures transform covariantly
δRˆ ∼ Rξ





R ∧R ∧ Φ
where the first part is just the sum of free Lagrangians with initial curvatures replaced
by the deformed ones, while the second part contains all possible abelian vertices. By
construction and due to Bianchi identities all variations for such Lagrangian take the
form
δL ∼ R ∧ Rξ
reducing the problem to the set of algebraic equations. Moreover, Vasiliev has shown
[34] that for the three massless fields with arbitrary spins s1, s2 and s3 all non-trivial
cubic vertices having up to s1 + s2 + s3− 2 derivatives can be constructed in this way.
As we have seen two main ingredients of this approach are frame-like formalism and
gauge invariance. But frame-like gauge invariant description exists for massive higher spin
fields as well [35]-[39]. Thus it seems natural to extend Fradkin-Vasiliev formalism to the
cases where both massive and (partially) massless fields are present. Such approach has
already been successfully applied to the investigation of gravitational and electromagnetic
interactions for simplest massive mixed symmetry field [40, 41]. Now we are going to apply
this approach to the construction of cubic vertices for massive spin-2 particles1. In this first
paper we restrict ourselves with relatively simple but instructive case of partially massless
spin-2 field [42, 43, 44, 45] leaving general massive case for the second part.
The paper is organized as follows. In Section 1 we illustrate general approach on the
simplest but physically important example of massless spin-2 field in (A)dS space. Namely,
we consider both self-interaction as well as gravitational interaction vertices for such field.
The main section 2 is devoted to the partially massless spin-2 case. First of all in subsection
2.1 we provide all necessary kinematic formulas. Then in subsections 2.2 and 2.3 we consider
self-interaction and gravitational interaction correspondingly. Due to the presence of zero
forms as well as a number of identities making different terms equivalent on-shell, an analysis
turns out to be more complicated than in the purely massless case. Thus as an independent
check for the number of non-equivalent cubic vertices (as well as very instructive comparison)
in Appendix we reconsider the same vertices in a straightforward constructive approach.
Notations and conventions We work in (A)dS space with dimension d ≥ 4 with (non-
dynamical) background frame eµ







Here Greek letters are used for the world indices, while Latin letters denote local ones. As
it common for the frame-like formalism, all terms in the Lagrangians will be completely
antisymmetric on world indices and we will heavily use notations like









1Let us stress that we consider massive spin-2 as a simple representative of massive higher spin fields,



















{ µνab } hµ
ahν
b (1)

























Note that on mass shell for auxiliary field ωµ
ab we have
Tµν
a ≈ 0 ⇒ R[µν,α]
a ≈ 0, D[µRνα]
ab ≈ 0
























If we require that deformed curvatures transform covariantly we have to put:
b1 = κb0, b2 = b0






































where the first term is just the free Lagrangian where initial curvature is replaced by the
deformed one, while the second term is an abelian vertex. Using identities given above it
is easy to check that both terms are gauge invariant on-shell. This Lagrangian gives the
following cubic vertex (here and in what follows the second index denotes the number of
derivatives in the vertex2):

































L10 = 16(d− 3)κ
































































For the second spin-2 we will use notations (Ωµ
ab, fµ
a), (ηab, ξa) and (Fµν
ab, Tµν
a) for fields,
gauge parameters and gauge invariant curvatures correspondingly.
Let us consider gravitational interactions for this second spin-2. Similarly to the previous











2Calculating the number of derivatives we take into account that auxiliary field ωµ
ab is equivalent to the
first derivative of physical field.
3We are working in the linear approximation so for any two solutions their arbitrary linear combination
is also a solution. Thus the number of independent solutions is just the number of free parameters.
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As for the deformations for the second spin-2 curvatures they correspond to standard minimal




























Note that at this stage two parameters b0 and b1 are independent and it may seem that it
contradicts with the universality of gravitational interactions. The reason is that covariance
of deformed curvatures guarantees that equation of motion for the theory we are trying to
construct will be gauge invariant but it does not guarantee that these equations will be
Lagrangean. Thus if we put these deformed curvatures into the Lagrangian and require that
this Lagrangian be invariant we have to expect that parameters b0 and b1 will be related.
As we will see right now it turns out to be the case.



















where the first two terms are just the sum of free Lagrangians with initial curvatures replaced











but (as we have explicitly checked) this vertex completely equivalent on-shell to the one with
coefficient c1 so we will not introduce it here. Let us take transformations of curvatures that










Variations under the ηˆab transformations trivially vanish on-shell, so let us consider the ones






















































bc]ηde ≈ 0 (17)
Thus we have to put (as expected)
b1 = b0 (18)
So, as in the previous case, we have two independent vertices with free parameters b0 and
c1 and terms containing up to four derivatives. Let us extract all the terms for the cubic
vertex:

















































But on the auxiliary fields ωµ
ab and Ωµ

































thus for c1 = 2a0b0 all four derivative terms vanish leaving us with the vertex containing no































2 Partially massless case
2.1 Kinematics
In the frame-like formalism gauge invariant description for the partially massless spin-2
particle [35, 39] requires two pairs of (auxiliary and physical) fields: (Ωµ
ab, fµ
a) and (Bab, Bµ).























































































Note that on mass shell for auxiliary fields Ωµ
ab and Bab we have
Tµν
a ≈ 0, Bµν ≈ 0 ⇒ F[µν,α]
a ≈ 0, B[µ,να] ≈ 0





















a1 − a2 =
1
2m2
, a3 = −
1
4m





































, a2 = −
1
m2
















































Usual requirement that deformed curvatures transform covariantly gives solution with five
arbitrary parameters. However, due to the presence of zero form Bab there are four possible











































































































Here the first line is just the free Lagrangian where initial curvatures are replaced by the
deformed ones, while the second line contains possible abelian vertices4.
Let us require that this Lagrangian be gauge invariant. All ηab variations vanish on-shell.















+(2d6a2 + 2ma5 +
8(d− 3)ma6
(d− 2)
) { µνab }Bµ
acBν
bcξ = 0












For the ξa transformations we get


























8d6a1 + 2ma6 + 4d1a3 +
16(d− 4)ma4
(d− 2)
−ma5 = 0 (32)
Thus we obtain three equations which uniquely determines all free coefficients a4,5,6 so we
have one cubic vertex with terms up to four derivatives. Note that the case d = 4 is special




, a6 = −
d1
2m2
Moreover, as we have explicitly checked, all cubic terms with four and three derivatives
vanish on-shell and we reproduce rather well known two derivative vertex [14, 46, 47]. Note
also that the same general results (one four derivative vertex in d > 4 and one two derivative
vertex in d = 4) was obtained also in [22].
4Note that in the partially massless case (and in the massive case too) due to peculiarities of gauge
transformations the terms in the second line are not gauge invariant separately.
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2.3 Gravitational interaction






























, b3 = −
b6
m
, b4 = −
2b1
(d− 2)







, b8 = −
b6
2

























































































































































Here the first line is the sum of the free Lagrangian for partially massless and massless spin-2
where initial curvatures are replaced by the deformed ones, while the second line contains








is on shell equivalent to some combination of others so we will not introduce it here.
Now let us require that this Lagrangian be gauge invariant. All ηˆab variations vanish
on-shell so we begin with ξˆa transformations. We have to take into account the part of


































we obtain first equation:




























using once again on-shell identity (17) we obtain
a1b0 + 2a0b1 = 0 (39)


















Using on-shell identity (31) (where Fµν
ab is replaced by Rµν
ab) we obtain
a3b0 + 8a0b8 −ma6 + 8a0b7 = 0 (40)
















and we obtain the last equation
4a0b6 +ma6 = 0 (41)




, b6 = 2mb0, a5 =
16(d− 4)a4
(d− 2)
− 16a0b0, a6 = −8a0b0 (42)
Thus in general d > 4 case we have two independent vertices with parameters b0 and a4
5. In
d = 4 the parameter a4 is absent leaving with one vertex only. Moreover we have explicitly
checked that in this case all four derivative terms vanish on-shell. Note that, contrary to the
self-interaction case, here our results do not agree with the one obtained in [22]. Table ”2-2-2
couplings” in Appendix B of this paper gives four non-trivial vertices: two four derivatives
ones and two vertices having no more than two derivatives. Moreover these results do not
depend on space-time dimension. Due to very different approach used by authors of [22] it
is not an easy task to see where and why such difference arises.
Conclusion
As we have seen application of Fradkin-Vasiliev formalism to the partially massless (and even
more so in the massive) case appears to be more complicated and less elegant. The reason
is that due to the large number of fields (main and Stueckelberg) and due to the presence of
zero forms one faces a lot of ambiguities related with non-trivial on-shell identities and field
redefinitions. Nevertheless, the formalism does work and allows one to obtain reasonable
results.
Acknowledgment Author is grateful to R. R. Metsaev and E. D. Skvortsov for useful
discussions. The work was supported in parts by RFBR grant No.14-02-01172.
5As it will be shown in the Appendix in d = 3 case there exists one more cubic vertex with no more
than two derivatives, but Fradkin-Vasiliev formalism we use here works in d ≥ 4 dimensions only so we did
not obtain such vertex here. Note also that in a frame-like gauge invariant formalism this vertex has been
constructed in [20].
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A Partially massless spin-2 in a constructive approach
In this appendix as an independent check for the results obtained in the main part we
reconsider the same problems in the straightforward constructive approach.
A.1 Modified 1 and 12 order formalism
In the constructive approach one usually assumes that the action can be considered as a row
in the number of fields:
S = S0 + S1 + S2 + . . .
where S0 is free (quadratic) action, S1 contains cubic terms, S2 — quartic ones and so on.
Similarly for the gauge transformations one assumes:
δΦ = δ0Φ+ δ1Φ + δ2Φ + . . .
where δ0 is non-homogeneous part, δ1 is linear in fields and so on. Then variations of the










δ1Φ) + . . .
First term simply implies that the free action S0 must be gauge invariant under the initial








Working with the frame-like formalism it is convenient to separate physical Φ and auxiliary













It means that one has to consider the most general ansatz both the cubic vertex as well for
the corrections to gauge transformations for the fields Φ and Ω. Taking into account that
equations for auxiliary fields are algebraic and on their mass shell these fields are equivalent
to the derivatives of physical ones, in supergravities there appeared a so-called 1 and 1
2
order












So one needs the most general ansatz for cubic vertex and physical fields gauge transforma-
tions only, but all calculations have to be done up to the terms proportional to the auxiliary
fields equations, i.e. on their mass shell. Such approach turned out to be very effective,
but it requires explicit solution of non-linear equations for auxiliary fields that can be rather
complicated task. If we restrict ourselves with the linear approximation than there exists
one more possibility that we will call modified 1 and 1
2
















The main achievements here are twofold. At first, we have not consider the most general
ansatz for cubic vertex but terms that are non-equivalent on auxiliary fields mass shell only.
At second, we need explicit solution for the free auxiliary fields equations only. In what
follows we will use such modified formalism.
A.2 Self-interaction
Our aim here is to determine the number of independent vertices so to simplify calculations
in this and subsequent subsections we will heavily use all possible field redefinitions and all
existing on-shell identities. We will work in a up-down approach i.e. we begin with four
derivative terms, then we consider terms with three derivatives and so on.


































Bµ ⇒ Bµ + κ3Ωµ
abBab
and two on-shell identities (up to lower derivative terms):
0 ≈ { µναabc }DµΩν,α
dBabBcd = { µνab }DµΩν
cd[BabBcd − 2BacBbd]

















Thus we have one independent vertex only in agreement with fact that there exists only one
cubic 2− 1− 1 vertex with three derivatives for the massless fields. In what follows we will
use

























6Up to the terms that are equivalent on-shell
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Moreover, it is easy to check that invariance under the ξa transformations requires b2 = −2b3,
so the terms with the coefficients b2,3 vanish on-shell, while the one with coefficient b1 can
be removed by field redefinition.






















{ µναabc } [DµΩν
abBcdηcd − 4DµΩν
acBcdηbd]



























while for the second line we use on-shell identity
0 ≈ DµΩν,α






The remaining terms cannot be compensated by any corrections to gauge transformations
so we have to put
b4 = b5 = 0
Thus we get rather simple vertex with four derivatives. But such vertex exists in d > 4
dimensions only, while it is well known that in d = 4 there exists cubic vertex having no
more that two derivatives. So we proceed and consider the following ansatz:































ξa transformations produce the following variations:























bcBbcξa + (mc4 − d2)B
abΩµ















c1 = −2c2, c3 = −
c4
2






























First two terms can be compensated by the following corrections to gauge transformations:
δ1fµ
a ∼ Ωµ
abξb, δ1Bµ ∼ B
abξb
while the remaining terms require
c4 = 2c2, c4 =
4(d− 3)c2
(d− 2)
⇔ d = 4
thus such solution indeed exists in d = 4 dimensions only.
















) { µνab } fµ
aηbcfν
c




while the remaining ones again give





) { µναabc }DµΩν
abfα








in agreement with all previous results.
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A.3 Gravitational interaction
In this case we have to consider variations for all five transformations: ηˆab, ξˆa for graviton
and ηab, ξa, ξ for partially massless spin-2. It requires rather long calculations so we will not
reproduce it here restricting ourselves with the main results.

















Vertex with three derivatives As in the case of self-interaction all terms of the form













Note that this structure is similar to one of 2−2−1 vertex with three derivatives that plays
important role in the electromagnetic interactions for spin 2 particles [17].
Variations of order m require7:










Thus at this stage we have two independent parameters a0 and say b4.

























Variations of order m2 require
c1 + c5 = −2mb1, c2 + c5 = m(b4 − b1)
c3 = −2c5, c4 = −c4, c7 = 4c6 −
2ma1
(d− 2)















abξb), δBµ = 2c6Bµ
aξˆa (47)
7We organize variations by the dimensionality of coefficients. E.g. variations of orderm means coefficients
of the form ma or b and so on.
17













Note that the only possible term without derivatives




is forbidden by the invariance under the ξ transformations.
First of all note that solution with non-zero parameter c5 exists in d = 3 dimensions only.
Recall that the Fradkin-Vasiliev formalism we use in the main part works in d ≥ 4 dimensions
only so it cannot reproduce such vertex. Note however that in the frame-like gauge invariant
formalism this vertex (having no more than two derivatives) has been constructed in [20].
For the general d > 3 case we obtain two independent solutions with a0 and b4 as free
parameters:
c1 = −2mb1, c2 = m(b4 − b1), c6 =
m(d− 3)b4
(d− 2)
c3 = c4 = c5 = d1 = d2 = d3 = 0
Note at last that in d = 4 dimensions parameter a0 is absent leaving us with one vertex only,
moreover in this case all four derivative terms vanish on-shell.
References
[1] M. A. Vasiliev ”Cubic Interactions of Bosonic Higher Spin Gauge Fields
in AdS5”, Nucl.Phys. B616 (2001) 106-162; Erratum-ibid. B652 (2003) 407,
arXiv:hep-th/0106200.
[2] K. B. Alkalaev, M. A. Vasiliev ”N=1 Supersymmetric Theory of Higher Spin
Gauge Fields in AdS(5) at the Cubic Level”, Nucl.Phys. B655 (2003) 57-92,
arXiv:hep-th/0206068.
[3] N. Boulanger, S. Leclercq ”Consistent couplings between spin-2 and spin-3 massless
fields”, JHEP 0611 (2006) 034, arXiv:hep-th/0609221.
[4] N. Boulanger, S. Leclercq, P. Sundell ”On The Uniqueness of Minimal Coupling in
Higher-Spin Gauge Theory”, JHEP 0808 (2008) 056, arXiv:0805.2764.
[5] Yu. M. Zinoviev ”Spin 3 cubic vertices in a frame-like formalism”, JHEP 08 (2010)
084, arXiv:1007.0158.
[6] R. Manvelyan, K. Mkrtchyan, W. Ruehl ”General trilinear interaction for arbitrary
even higher spin gauge fields”, Nucl. Phys. B836 (2010) 204, arXiv:1003.2877.
[7] R. Manvelyan, K. Mkrtchyan, W. Ruehl ”A generating function for the cubic interac-
tions of higher spin fields”, Phys. Lett. B696 (2011) 410, arXiv:1009.1054.
18
[8] E. Joung, M. Taronna ”Cubic interactions of massless higher spins in (A)dS: metric-like
approach”, Nucl. Phys. B861 (2012) 145, arXiv:1110.5918.
[9] G. L. Gomez, M. Henneaux, R. Rahman ”Higher-Spin Fermionic Gauge Fields and
Their Electromagnetic Coupling”, JHEP 1208 (2012) 093, arXiv:1206.1048.
[10] Marc Henneaux, Gustavo Lucena Gomez, Rakibur Rahman ”Gravitational Interactions
of Higher-Spin Fermions”, JHEP 1401 (2014) 087, arXiv:1310.5152.
[11] R. R. Metsaev ”Cubic interaction vertices of massive and massless higher spin fields”,
Nucl. Phys. B759 (2006) 147, arXiv:hep-th/0512342.
[12] R.R. Metsaev ”Cubic interaction vertices for fermionic and bosonic arbitrary spin
fields”, Nucl. Phys. B859 (2012) 13, arXiv:0712.3526.
[13] R. R. Metsaev ”BRST-BV approach to cubic interaction vertices for massive and mass-
less higher-spin fields”, Phys. Lett. B720 (2013) 237, arXiv:1205.3131.
[14] Yu. M. Zinoviev ”On massive spin 2 interactions”, Nucl. Phys. B770 (2007) 83-106,
arXiv:hep-th/0609170.
[15] R. R. Metsaev ”Gravitational and higher-derivative interactions of massive spin 5/2
field in (A)dS space”, Phys. Rev. D77 (2008) 025032, arXiv:hep-th/0612279.
[16] Yu. M. Zinoviev ”On spin 3 interacting with gravity”, Class. Quantum Grav. 26 (2009)
035022, arXiv:0805.2226.
[17] Yu. M. Zinoviev ”On massive spin 2 electromagnetic interactions”, Nucl. Phys. B821
(2009) 431-451, arXiv:0901.3462.
[18] A. Sagnotti, M. Taronna ”String Lessons for Higher-Spin Interactions”, Nucl. Phys.
B842 (2011) 299, arXiv:1006.5242.
[19] I. L. Buchbinder, T. V. Snegirev, Yu. M. Zinoviev ”Cubic interaction vertex of
higher-spin fields with external electromagnetic field”, Nucl. Phys. B864 (2012) 694,
arXiv:1204.2341.
[20] Yu. M. Zinoviev ”On massive gravity and bigravity in three dimensions”, Class. Quan-
tum Grav. 30 (2013) 055005, arXiv:1205.6892.
[21] I. L. Buchbinder, T. V. Snegirev, Yu. M. Zinoviev ”On gravitational interactions for
massive higher spins in AdS3”, J. Phys. A 46 (2013) 214015, arXiv:1208.0183.
[22] E. Joung, L. Lopez, M. Taronna ”On the cubic interactions of massive and partially-
massless higher spins in (A)dS”, JHEP 07 (2012) 041, arXiv:1203.6578.
[23] Yu. M. Zinoviev ”All spin-2 cubic vertices with two derivatives”, Nucl. Phys. B872
(2013) 21, arXiv:1302.1983.
19
[24] I.L.Buchbinder, P.Dempster, M.Tsulaia ”Massive Higher Spin Fields Coupled to
a Scalar: Aspects of Interaction and Causality”, Nucl. Phys. B877 (2013) 260,
arXiv:1308.5539.
[25] E. S. Fradkin, M. A. Vasiliev ”On the gravitational interaction of massless higher-spin
fields”, Phys. Lett. B189 (1987) 89.
[26] E. S. Fradkin, M. A. Vasiliev ”Cubic interaction in extended theories of massless higher-
spin fields”, Nucl. Phys. B291 (1987) 141.
[27] K.B. Alkalaev ”FV-type action for AdS(5) mixed-symmetry fields”, JHEP 1103 (2011)
031, arXiv:1011.6109.
[28] Nicolas Boulanger, E. D. Skvortsov, Yu. M. Zinoviev ”Gravitational cubic interactions
for a simple mixed-symmetry gauge field in AdS and flat backgrounds”, J. Phys. A44
(2011) 415403, arXiv:1107.1872.
[29] Nicolas Boulanger, E. D. Skvortsov ”Higher-spin algebras and cubic interactions for sim-
ple mixed-symmetry fields in AdS spacetime”, JHEP 1109 (2011) 063, arXiv:1107.5028.
[30] N. Boulanger, D. Ponomarev, E.D. Skvortsov ”Non-abelian cubic vertices for higher-spin
fields in anti-de Sitter space”, JHEP 1305 (2013) 008, arXiv:1211.6979.
[31] M. A. Vasiliev ”’Gauge’ form of description of massless fields with arbitrary spin”, Sov.
J. Nucl. Phys. 32 (1980) 439.
[32] V. E. Lopatin, M. A. Vasiliev ”Free massless bosonic fields of arbitrary spin in d-
dimensional de Sitter space”, Mod. Phys. Lett. A3 (1988) 257.
[33] M. A. Vasiliev ”Free massless fermionic fields of arbitrary spin in d-dimensional de
Sitter space”, Nucl. Phys. B301 (1988) 26.
[34] M. Vasiliev ”Cubic Vertices for Symmetric Higher-Spin Gauge Fields in (A)dSd”, Nucl.
Phys. B862 (2012) 341, arXiv:1108.5921.
[35] Yu. M. Zinoviev ”Frame-like gauge invariant formulation for massive high spin parti-
cles”, Nucl. Phys. B808 (2009) 185, arXiv:0808.1778.
[36] Yu. M. Zinoviev ”Towards frame-like gauge invariant formulation for massive mixed
symmetry bosonic fields”, Nucl. Phys. B812 (2009) 46, arXiv:0809.3287.
[37] Yu. M. Zinoviev ”Frame-like gauge invariant formulation for mixed symmetry fermionic
fields”, Nucl. Phys. B821 (2009) 21-47, arXiv:0904.0549.
[38] Yu. M. Zinoviev ”Towards frame-like gauge invariant formulation for massive mixed
symmetry bosonic fields. II. General Young tableau with two rows”, Nucl. Phys. B826
(2010) 490, arXiv:0907.2140.
[39] D. S. Ponomarev, M. A. Vasiliev ”Frame-Like Action and Unfolded Formulation for
Massive Higher-Spin Fields”, Nucl. Phys. B839 (2010) 466, arXiv:1001.0062.
20
[40] Yu. M. Zinoviev ”On electromagnetic interactions for massive mixed symmetry field”,
JHEP 03 (2011) 082, arXiv:1012.2706.
[41] Yu. M. Zinoviev ”Gravitational cubic interactions for a massive mixed symmetry gauge
field”, Class. Quantum Grav. 29 (2012) 015013, arXiv:1107.3222.
[42] S. Deser, A. Waldron ”Gauge Invariance and Phases of Massive Higher Spins in (A)dS”,
Phys. Rev. Lett. 87 (2001) 031601, arXiv:hep-th/0102166.
[43] S. Deser, A. Waldron ”Partial Masslessness of Higher Spins in (A)dS”, Nucl. Phys.
B607 (2001) 577, arXiv:hep-th/0103198.
[44] S. Deser, A. Waldron ”Null Propagation of Partially Massless Higher Spins in
(A)dS and Cosmological Constant Speculations”, Phys. Lett. B513 (2001) 137,
arXiv:hep-th/0105181.
[45] Yu. M. Zinoviev ”On Massive High Spin Particles in (A)dS”, arXiv:hep-th/0108192.
[46] S. Deser, E. Joung, A. Waldron ”Gravitational- and Self- Coupling of Partially Massless
Spin 2”, Phys. Rev. D86 (2012) 104004, arXiv:1301.4181.
[47] Claudia de Rham, Kurt Hinterbichler, Rachel A. Rosen, Andrew J. Tolley ”Evidence for
and Obstructions to Non-Linear Partially Massless Gravity”, Phys. Rev. D88 (2013)
024003, arXiv:1302.0025.
21
